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SOMS  FACTS  ON  NATURAL  BNVIR0NK8NTAL  RADIOACTIVITY 
CAUSSD  BY  THE  PRSSSNCE  OP  K-40 

[Following  is  a  translation  of  an  article  by  V.  1. 

Ryadov  and  N.  V,  Patrulchin  in  the  Russian  periodioal 
Giaiyena  1  Sanitariya  (Hygiene  and  Sanitation/, 

Voi.  27,  No.  9*  19^2,  pages  30-34,3 

In  order  to  make  a  sanitary-hygienic  appraisal  Of  radio¬ 
active  contamination  of  a  locality,  it  is  important  to  know 
both  the  total  activity  and  the  portion  attributable  to 
artificial  (fission-fragment)  activity.  Yet  some  studies 
(V.  N.  GuCkova,  A.  N.  Bragina,  195®l  L.  Apel 1 ,  1959) 
oontain  data  only  oh  the  total  activity  of  the  soil  and  food 
-  products.  This  makes  it  dlffioult  to  determine  the  extent  to 
which  the  fragmental  activity  of  a  given  environmental  object 
exceods  natural  activity. 

Natural  radioaotive  isotopee  are  present  in  eoil,  vege¬ 
tation,  food  produots,  and  iu  the  organs  and  tissues  of  animals 
and  man.  Host  of  the  natural  radioaotivity  of  the  soil  is 
caused  by  K-40  (2.1*10“8  euris/kg).  Soil  radioactivity  due 

si 

to  the  presence  of  Rb-87,  Ra-226,  Th-232,  and  U-238  is  10  to 
«  100  times  less.  Soil  radioaotivity  from  other  natural  iso- 

topes  ranges  from  10  to  10"*  curie^kg  and  has  no  praotio- 
|  al  significance.  It  appears  that  the  natural  aotivity  of  the 
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soil  is  mainly  determined  by  radioactive  potassium.  This  ap¬ 
plies  particularly  to  soil  lacking  a  high  content  of  heavy  ele¬ 
ment#  ('Ra-226,  Th-232,  tf-2>8>. 

Investigation  of  the  content  of  K-40,  Rb-87,  Ra-226,  Th-2;2, 
and  U~2>8  in  plants  (Table  1)  reveal^  that  there  are  still 
greater  differences  in  the  concentrations  of  potassium  and  the 
ether  isotopes  both  in  relative  quantities  and  in  activity. 
Activity  in  plants  due  to  potassium  is  100  to  1000  times 
higher  than  that  due  to  rubidium,  radium,  thorium,  and  uranium. 
The  difference  is  even  greater  in  the  activity  caused  by 
potassium  and  radium  in  animal  products  (Table  2). 
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Table  1 

Content  of  Certain  Natural  Radioactive  lao topee  in  Plants 
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1  -  Isotope  5  - 

2  -  Content  of  element  6  • 

in  plants  (as  >o)  7  - 

3  -  Published  source  8  - 

4—  Isotope  activity  in  9  - 

plant 8  (as  fa) 
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X.  M.  Kuanetsov 
G.  B.  Magidov 
A.  V.  Sokolov 
Atomic  energy 

( Short  Sncyolopedia j « Cosizdat 
Large  Sov*  2noye..  p.  13? 
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1  -  Produot 

2  -  lootope  ' 

5  -  Content  of  element 

(in  g  per  kg  of  produot) 

4  >  Published  source 

5  -  Isotope  activity 

(in  curief'kg1 ) 

6  -  Kilk 


7  -  Meat 

6  •  l,  a.  Shtenberg  and  others 

9  -  ?.  V.  Spiers 

10  -  K.  S.  Petrovskiy 

11  -  P.  V.  Spisre 

12  -  Calculated  by  ourselves 


The  figures  show  that  for  the  praotioal  purposes  of 
sanitary-hygienic  appraisal  of  natural  activity!  it  is  suf¬ 
ficient  to  determine  the  concentration  of  potasaiua  in  the 
environmental  objeote  with  Subsequent  calculation  of  X-40 
aotivity. 

rfe  investigated  the  potassium  content  of  soil  samples t 
vsgetationt  some  food  produots«  sheep  organs  and  tissues f  end 
human  exorot ions.  The  potassium  oonoentrstion  was  determined 
by  the  volumetric  tetraphenylborat#  method!  the  prinoiplea  of 


which  arc  described  by  k»  ?.  Tyavin'sh  and  4.  Yiv.  Ondriniyetee 
According  to  the  authors,  the  precipitate  of  potassium,  tstra- 
phenylbor&ib  XOKC^H*)  i  does  not  dissolve  even  in  deotnormal 
acius,  and  the  presence  of  such  ions  aa  Id  ,  .Kg  C&  ,  Ba  , 
dl"t  40^*,  NO-”,  tJ04',  etc.  does  net  interfere  with  the 

determination  of  the  potassium  content. 

In  the  soil,  samples  we  determined  the  total  potassium  eon 
tent,  fusing  them  for  this  purpose  with  iiaOH  and  lia^CO.,.  rfe- 
.Leached  the  soil  with  6K*BC1  vo  determine  the  concentration, 
of  the  so-called  '‘available"  potassium.  (In  soil  science 
the  "available"  amount  of  an  element  ia  that  portion  which  is 
washed  out  of  a  soil  sample  by  6P?*';!C1.  It  is  this  portion 
which  largely  participates  in  biological  metabolism} . 

batch  of  air-dried  soil  (I  g;  was  roasted  in  a  muffle 
furnace  at  500~6o0e  until  the  organic  substances  were  burned 
out.  Then  small  amounts  were  placed  in  a  nickel  crucible 
with  the  melted  liaOi  (h  g}  to  which  0.2  g  of  Hao00.  w&»  added ; 
the  fusion  was  continued  in  the  muffle  furnace  U  to  1  hour. 

The  resultant  px’oduot  was  extracted  with  ^0  to  50  ml  of  hot 

It 

•distilled  water  and  immediately  passed  through,  a  Buchner 
funnel,  ihe  volume  of  filtrate  ( ) ,  5  ml  of  it  (V^)  was 
measured,  neutralised  with  ooucentrated  HNG . ,  and  5  ol  of  0,2 
TIhO ,  solution  added.  The  preolpitated  silio&te  was  removed  by 


v, 

y,, 

5  filtration  in  a  Buchner  funnel.  Then  2  ml  of  3,'  aqueous  solution  J 

of  XaCB{CrHV)iJ  was  added  along  with  1  ml  of  0.1  H  solution  of 
if  Al(KOj,  for  batter  coagulation.  The  precipitate  vaa  removed 

$r  ^  ^ 

f-.  in  a  dchott  Ho,  4  funnel,  washed  with  saturated  solution  of 

f.  K£3(C-HS) j  and  then  with  a  little  distilled  water#  and  die- 

O  y  *T 

je- 

solved  in  10  ml  of  aoetona# 

>  l&  added  to  the  aoetcne  solution  of  )^2  5  ml  of 

?  2 n C1UOOOH  solution,  1  ml  of  0,1  n  KBr  solution,  and  2  drops  of 

>  «  j 

a  1>j  solution  of  eosin.  Titration  was  done  with  0.05  n  Ag.iO^ 

I  solution  until  the  yellow-red  color  turned  red-violet.  The 

amount  of  potassium  in  grams  per  kg  of  soil  (O  was  calculated 
?  from  the  formula 

#  u,  -  (Vj-  2)v2  x  1.955 

:  v 

5  where  is  the  volume  of  0.05  n  AgKOj  solution  (in  ml) 5  V2 

is  the  volume  of  soil  sample  solution  (in  ml)}  2  is  the  volume 
of  0.05  n  AgHOj.  solution  required  for  titrating  the  1  ml  of 
0,1  n  of  KBr  eolution  added;  1.955  is  the  amount  of  potassium 
(in  mg)  equivalent  to  1  ml  of  0.05  n  AgllO^  solution;  is  the 
*  volume  of  soil  sample  solution  taken  for  precipitation  of 

the  potassium  (in  ml))  i’  is  the  batch  of  soil  sample  (in  g)« 

0 

l  Xn  analysing  the  potassium  content  of  liquid  biological 

|  objects  (milk,  blood,  urine),  150-200  ml  of  the  latter  were 
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evaporated  in  porcelain  "beakers  in  a  sand  bath  with  2  ml  of  con¬ 
centrated  HNO^  added,  The  solid  residue  was  oaloined  at  500-600'' . 

Batches  of  other  objects  (plants,  grain,  bones  and  soft  tissues 
of  i»hvsep,  excrement)  were  first  dried  in  an  electric  stove  and 
then  calcined  under  the  same  conditions.  500  mg  of  ash  was 
processed  in  a  porcelain  dish  with  2  ml  of  concentrated  KKO^  , 

and  (in  drops)  1  ml  of  j50>j  If^Og  solution.  The  mixture  was 
carefully  (to  avoid  spattering)  dried  over  an  electric  Stove  ' 

'and  roasted  in  a  muffle  furnace.  This  operation  was  repeated 
until  the  ash  turned  white  or  slightly  reddish,.  2  ml  of  con¬ 
centrated  HC1  and  1  ml  of  concentrated  HKO.  were  added  to  the 
oooled  mineral  residue  and  the  mixture  evaporated..  Then  2  more 
ml  of  HKO .  was  added  and  the  mixture  again  evaporated  to  dryness. 

The  contents  of  the  dish  were  dissolved  in  5-10  ml  of  0,1  n 
HKO,  solution.  The  amount  of  potassium  in  the  solution  was 
determined  by  the  above -described  method. 

The  results  of  the  investigations  were  statistically  pro¬ 
cessed  and  the  arithmetic  mean  and  the  standard  deviation 
(K+m)  determined.  The  figures  are  shown  in  Table  i* 
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Potassium  Content  and  Radioactivity  of  Certain  Bhviron- 
mental  Objects  due  to  K -40 


Name  of  object 

No e  of 

ttaiplet 

' 

AOli 

0-1  eft  Uy«r  ****** 

18. 

4*5  c;si  layer  *  ♦  *  *  *  *. 

n 

fttft  Uyor  ^  fuel  on' a  a 

2:s 

?  fant£ 

yruyrt  Itapp*  gf***  *  «  • 

1  V 

R*y  (shrinkej*  factor  4#£.) 

♦}. , 

.  a  t  «  t  «.  «•  e  «•  i 

Pv 

0ei**o!  ,  r  *  *  a  ! 

\  j, 

ardsst*  *  .  *  ,  *  ! 

? 

Potato  [tu&tr*}e  *  *  *  » 

6 

whtat  ^raln}* . 

M 

food  products 

»h«&Tt  br'fdd  ****** 

Ui 

Cow 'a  mi  ik'  *»*•*••  j 

172 

$h««s  arrant  $  t  j  ttan  j 

Hidt  with  wool  «  •  •  •  e 

)i) 

Stomach 

Hi 

SfitaH  intaaiin#*  t  »  ,  * 

10 

Ut-3«  fnitsitnt*  •  •  «  * 

JO 

UV#r  e  ••*•**»  * 

57 

Kidnayi.*  a  a  *  •  *  *  a  ♦ 

JO 

**»»••«** 

10. 

LUftftm  .**.+**•  ♦ 

10 

Metric  *,'.**««  4 

Hi 

Skull  boat**  *..*,*, 

3  V 

Th  (t|h  bcfvat*  a  <»  »  e  ft  * 

5ft 

Riba  a  *  a  ,  .  •  .  •  •  a  . 

02 

% 

u 

Blood.  <  «  «  *  t  t  *  i  « 

ttsfi&ftjKKsitwa  i 

Ur  1  na*.  «•»*•#*«# 

217 

P *1***4 m 
content  (4 w 
a/kg  inti 
in  g/i  | 

Activity  dtit 
to  K»4G  1  fi 
10*9  (tn 
suri  ts/fcg 

! 

1 

•  2,00 

t, 02+0,58 

;  lt.50sor20 

1,21+0,16 

1  17, 7:i.u  34 

i-M+0,27 

, 

2,10*0,50 

1,70+0,-10 

lO.a-fhfifl 

8,40+1,22 

i  .1/10  </r;0C 

8,00*0,73 

!  0,87  Jr,  {,2 

0,70+0,10 

I  4,40/  ijt5iV 

3,56+0,40 

3,9040, 1C' 

3,15+0.08 

3(ft0±0:r20 

:  3.10*0,16 

1,60X0  10 

!  ,30+0,08 

1, 20 -H  »/>!■! 

.j 

,1,07+0,03 

j 

!  3,90~w,3oi 

4,75*0,25 

i.w"'  t»,io 

1,35*0,08 

\  ,35  *  0,15s 

1,25+0,12 

1,55*0,101 

1  ,25+0,08 

2  J*>»  0,17 

i,qo+o,:  4 

|  1,50*:  DJ2 

1,21  ±0,10 

3,50*0,27 

2,-84*0,22 

1 ,55*0,14 

1,25+0,12 

l,7‘i*0,lH 

1 ,3s  *0,15 

1,30*0,21 

i  .05+0, 17 

1,00*0 ,12 

1 ,30+0, 10 

i  1,40*1-0,17 

1,!3-‘0,14 

2,14*0,13 

;  ,73-0,10 

j  0,58 1:0,08 

1 

0,47*0, Oi- 

» 

[  t  ,35+0,04 

i  ,09*0,00 

1  '1 ,004-0,!  2 

3.24*0,10 

Notes  Activity  due  to  K-40  (A)  calculated  from  the  formula* 

A  *  8.1*10-1®,  where  Q  is  the  potaeeiua  content  of  the  aaaplt 
(g  per  kg)  and  S.1»1Q*10  is  the  apeeifto  activity  of  potassium 
in  curies /&% 
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Analysis  of  the  potassium'  content  of  light  chestnut, 
ohesthut  ,  and  saline  oheatnut  soils  failed  to  reveal  any  dif¬ 
ferences  between  theta  with  respect  to  the  amount  of  this  ele¬ 
ment .  Therefore ,  all  the  data  on  these  varieties  of  soils  are 
combined  into  a  single  group.  Table  >  shows  that  the  content 
of  '’available"  potassium  in  soils  is  about  10,.  of  the  total 
obtained  by  the  fusion  method.  It  will  be  noted  that  ‘  the 
top  layer  of  soil  (0-1  om)  oontsins  25$  more  potassium  than 
the  lower  layers. 

As  for  the  grasses,  the  maximum  potassium  concentration 
(4.5  g  per  kg)  was  found  in  eedge,  the  least  in  the  cereals. 

The  steppe  grass  with  a  predemlnanoe  of  cereal#  contained 
2.1  g  per  kg  on  the  average.  Potatoes  and  wheat  had  the  same 
amount  (3.9  and  3.6  g  per  kg),  ./heat  bread  contained  2.37  times 
lese  potassium  than  did  wheat,  which  may  have  been  partly  due 
to  the  change  in  weight  on‘  baking.  The  insignificant  dif¬ 
ferences  in  the  potassium  content  of  the  various  samples  of 
milk  is  noteworthy  (l?2  sample*,  K-l.il  g/l,  m«0.04). 

oheep  blood  contained  0.56  g/l  of  potassium  on  the  average. 
The  element  was  distributed  fairly  uniformly  in  sheep  bone 
(l. 3-1,6  g  per  kg).  The  muscles  and  liver  had  more  than  bone. 

By  using  the  figures  of  potassium  content  of  the  bones  and 
taueoios  of  aheep  it  is  easy  to  calculate  its  concentration  in  i 
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turn  —MUM 

j  mutton, which  (with  average  fattening  of  sheep)  consists  of 
22,6;>».  bona  and  muscle.  The  rated  amount  of  potassium  in 

this  "standard"  meat  is  1.74  g  per  kg,  and  Its  natural  activity 
la  1.28*10"*^  curiej/kg.  ■ 

Our  data  on  potassium  in  human  excretions  indicate  that 
the  mean  daily  elimination  of  -  the  element  (with  naan  dally  faces  of 

400  s  ®»d  urine  of  1.5  1)  is  5.65  g  (or  in  K-4G  activity  - 

-9 

2,94*10  •  curies }.  This  amount  of  potassium  apparently  is 
ingested  daily  with  food,  if  there  is  such  a  thing  as  a 
potassium,  balance. 

It  will  be  noted.  that  the  area  from  which  the  samples  were 
obtained  does  not  have  a  high  natural  radiation  background. 
Therefore *  the  values  we  obtained  may  serve  to  characterise 
the  natural  radioactivity  of  the  environmental  objects  examined. 
They  can  be  used  for  rough  appraisals  of  the  extent  to  which 
natural  radioactivity  exceeds  the  natural  background.  More 
accurate  appraisals  would:  require  application  of  the  method  of 
isolating  potassium  from  environmental  objects  described  in 
this  paper. 
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RECORD!*!  OF  PHTSIOlOSICiL  FUHCTI0H3  IS  Ml*  WHILE 
PERFORMING  PHYSICAL  WORK 

tFol lowing  is  a  translation  of  an  artlols  by  R.  L. 

Rabinovich  in  the  Russian  periodical  Slgjyena  1 
Sanitariya  (Hygiene  and  Sanitation) ,  Vol.  27,  So*  9» 

1962,  pages  85-90 . ] 

The  complex  prooesa  of  functional  changes  in  nan  and  the 
different  rates  at  which  they  are  restored  sake  it  impossible 
to  appraise  the  changes  that  take  place  during  work  from  the 
data  obtained  after  it  ceased,  i.e.,  in  the  restoration  period* 
This  has  naturally  Impelled  the  physiologists  to  try  to  record 
ohangss  during  work.  The  effort  has  been  more  or  less  suc¬ 
cessful  in  connection  with  the  indiees  of  pulmonary  gaseous 
exchange*  However,  the  detenaiaation  of  such  an  apparently 
easily  accessible  index  as  pulse  rate  has  proved  to  be  ex¬ 
tremely  difficult. 

In  the  light  of  the  foregoing,  we  attempted  to  review 
the  methods  available  to  evaluate  the  state  of  various  human 
physiological  functions  in  certain  kinds  of  activity.  The 
apparatus  used  for  this  purpose  oan  be  divided  into  two  main 
groups.  Ons  involves  the  use  of  a  pickup  attached  to  the 
subject's  body  and  a  recording  part  eonneetedTby  wires. 

The  other  group  of  instruments  operates  on  the  prihoipl#  of  radio 
transmission  of  signals  from  subject  to  experimenter.  The  veighij. 


and  siae  of  tne  transmitter  vary  with  the  extent  to  which  the 
worker's  body  moves.  If  the  distance  is.  slight,  the  radio 
transmitter  can  be  set  near  the  subject  and  connected  with 
the  appropriate  pickups  and  wires*  If,  however,  the  recording 
is  done  while  the  subject  moves  about  freely,  it  ie  important 
that  the  transmitter  bo  small  and  light  5  otherwise  it  oould  not 
attached  to  the  subject  or  it  would  interfere  with  his 
activity.  And,  finally,  there  is  a  small  group  of  instruments 
based  on  the  recording  of  mechanical  shifting  of  parts  cf  the 
instrument  rather  than  on  recording  of  electrical  impulses. 

Electrical  impiilses  to  bo  recorded  have  different  origins, 
dome  arise  directly  in  the  body  and  they  must  be  received  and 
recorded  (e.g. ,  electrocardiogram  (EK .{*),  electroencephalogram 
(EEC ) »  eleotrcsjyogrna  (EKS),  etc.,).  Others  arise  as  a  result 
of  the  transformation  of  mechanical  or  luminous  energy  (e.g, , 
by  the  pieaoelectric  effect  or  use  of  photocells).  Still 
others  are  caused  by  a  change  in  the  parameters  of  the  electric 
current  that  supplies  the  pickup  ( e . g, ,  change  in  resistance). 
The  working  principle  a&d  purpose  of  nodical  electric  aaaauring 
and  recording  devices  are  daaeribed  in  Q.  A,  fllalnka'  a  Boaograph 

(1956). 

Sows  authors  investigated  the  performance  of  phyaioal 
work  whan  tha  subject*#  movements  war*  restricted  and  the 
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pickup  and  recording  part  of  the  instrument  were  connected  by 
wireo.  This  technique  was  need  to  study  the  reepiretory  rate 
(B.  A.  Alpat'yev,  X.  K,  Xondrat 'yeva,  and  G.  V,  Minayeva,  1959 » 

B.  A.  Alpat'yev  and  i,  F,  Kondrat’yeva,  1559s  others),  oardiao 
rate  (A.  Arutsav,  15551  V.  Y.  Mikhaylov  and  V.  L.  Fedorov, 

1959?  others),  electrocardiograms  (I*.  A>  Vodolasskiy,  1958} 

A.  A.  Biryukovich,  V.  K.  Korol and  V.  S.  Farf el ' ,  I960); 
electroencephalogram*  (A.  I.  Roytbak  and  B.  Y.  Tavartikiladae, 
1953)*  and  eleotronycgraas  (L.  A.  Yodol&sskiy,  1959 1  A.  A. 
Biryukovich,  Y.  M.  Korol*,  and  V.  S.  Farf el* ,  1?60|  others). 

Study  of  the  above-nentionsd  works  reveals  that  Boat  of 
the  authors  reoorded  the  changes  taking  place  in  some  system, 
costly  the  oardiao  rate,  during  muscular  activity.  Only  a  few 
investigators  recorded  the  indices  of  the  functional  state  of 
several  systems  simultaneously.  This  was  due  to  serious  dif¬ 
ficulties  of  methodological  nature  arising  in  connection  with 
the  attempt  to  Bake  snoh  recordings.  Several  authors  proposed 
the  use  of  special  electrodes  and  means  of  seouring  them  to 
the  subject's  body,  frequency  filters,  and  other  devices  enabling 
the  experimenter  to  isolate  the  impulse  of  the  electric  current 
in  which  he  is  interested  from  all  the  others  caused  by  the 
activity  of  other  organs  and  systems  or  resulting  from  surround¬ 
ing  eleotrical  influences  (induction  currents),  A.  Arutsev  I 


(195&)  investigated  the  cardiac  rate  while  the  sub j sot*  were 
lifting  weight*  or  running  100  a.  *  The  author  judged  the  pulse 
rate  from  the  action  current*  of  the  heart* 

done  eethode  of  recording  the  pulee  rate  axe  not  based  on 
the  action  ourrente  of  the  heart  hvt  on  another  principle* 

For  example,  M.  Te.  Marshak  (1956)  proposed  the  use  of  •  pieeo 
pickups  for  this  purpose,  one  to  measure  the  pulse  in  the 
blood  weasels  of  ahflnger,  the  other  to  do  so  in  an  ear  lobe. 

He  used  the  device  to  inveetigete  work  on  an  ergometer  bicycle 
end  determined  the  static  exertions  of  humane* 

V.  V.  Mikhaylov  and  V.  1».  Fedorov  (1959)  recorded  the  pulee 
rate  by  means  of  a  pickup  with  photocell  attached  to  the  pinna. 
This  piokup  oan  be  used  when  performing  work  that  does  not  in* 
volve  moving  tha  head  (work  on  an  ergograph,  ergometer  bicycle, 
static  exertions).  The  authors  found  that  the  pules  rets  is 
1?8  to  220  beats  per  minute  during  intense  work. 

Attempts  have  been  made  to  obtain  data  not  only  on  the 
state  of  the  oerdlov&scular  end  respiratory  systems  during  work 
but  also  on  thermoregulation.  For  example,  P.  X.  Oumener,  te. 

F.  Xusneteov,  and  A.  B.  Ecdcv  (1958)  were  able  to  record  changes 
in  the  akin  and  body  temperatures  of  workers  under  industrial 
conditions.  Pickups  were  fastened  to  apeoial  belts  worn  by 
the  men.  L.  A.  Vodolasskiy  (1958)  also  conducted  research  under 
— industrial  conditions  (cold  processing  of  metal).  His  work, 
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differ*  fro*  th*  others  in  that  he  recorded  two  indie®* 
eeusly  *  the  action  ourreai 4  of  the  heart  and  skeletal  nasoles* 
Th*  author  overcame  msny  difficulties  caused  by  the  presence  of 
indue ticn  currents  in  th*  shop  and  by  grounding  of  th*  subject 
through  the  natal  object  to  be  processed.. 

The  work  of  A,  I.  Roytbak.  and  B.  V.  TavartikiUdae  (1953) 
is  even  sore  oowplete,  The  authors  studied  th*  eleotrioal 
activity  of  th*  cerebral  cortex*  respiration,  and  heart  during 
muscular  work,  particularly  during  the  "dead  point”,  Th*  sub¬ 
jects  performed  an  assigned  task  on  an  ergeneter  bicyole.  The 
authors  had  previously  worked  out  objective  indications  for 
the  onset  e?  the  ’’dead  point”.  In  the  present  investigation 
they  found  that  the  cardiac  rate  increased  steeply  from  the 
start  of  exorcise  tc  180-200  beats  per  minute  at  the  onset  of 
the  '‘dead  point”.  The  cardiac  rate  is  <ittita  unsteady  through¬ 
out  this  state.  Then*  with  the  second  ¥ind^  ‘the  pula* 
remains  the  same  or  becomes  sou e what  aore  rapid  than  before  the 
"dead  point".  When  the  work  is  finished,  the  pulse  slows 

a  few  seconds  later,  not  at  once.  Respiration  after  cessation 
of  work,  however,  slows  immediately.  The  authors  report  one 
fact  that  surprised  them,  during  work  the  alpha  rhythm  was 
reoorded  on  the  BBS,  Aaspite  uh*  noiee  of  the  ergoaeter  bi- 
eyole.  This  phenomenon  kept  recurring  during  the  entire  “trip”, 
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|  except  when  the  subject  was  in  the  "dead  point”  state,  at  which  J 
ties  the  alpha  rhythm  disappeared. 

She  investigation*  mentioned  above  involved  adult  athletes 
or  workers «  However,  children  may  also  be  appropriate  subject*. 
The  research  of  A.  A.  Blryukcvich,  V.  Jf.  Korol'  ,  and  V,  S* 
farfel*  (i960)  on  school  children  G  to  14  years  of  age  is 
interesting  in  this  connection.  By  simultaneously  recording 
three  indices  -  amplitude  of  squats -and  action  our rents  of  the 
heart  and  skeletal  muscle e -they  were  able  to  detect  the  initial 
hut  clear  signs  of  fatigue. 

Such  are  the  methods  and  some  of  the  information  obtained 
by  using  apparatus  based  on  the  pickup  and  recording  part 
being  connected  by  wires.  However,  the  recording  of  physio¬ 
logical  functions  under  similar  conditions,  i.e.,  with  limited 
body  movement  of  the, subject,  can  also  be  done  by  radio  instru¬ 
ments.  Aviation  and  apace  nedicine  have  made  extensive  usa 
of  radio  communication  in  research  on  animals  and  human  beings. 
Scientists  recorded  electrocardiograms ,  blood  pressure,  respira¬ 
tion,  and  motor  activity  in  the  dog  Layka  while  traveling  in 
the  second  Soviet  earth  satellite.  They  have  also  recorded  the 
state  of  physiological  functions  in  animals  during  the  flights 
of  the  later  satellites  and  rooketS'  and  in  the  oosaionauts 
Yu.  A.  Gagarin  and  G,  S'.  Titov.  The  mioroolimate  of  the  oeyauieji 
' — fjT  which  the  latter  traveled  was  likewise  reoorded .  — — 
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In  high-altitude  rockets.  Skano  (1955)  reported  on  ohanges 
in  the  physiological  functions  of  pilots*  B20s,  EKOs,  and'  2M0s 
hare  besn  recorded  by  radio  (Barr,  195*H  Olaasoook  and  Holfsr 
(I952)i  Parker,  Briokel,  and  Slrlstopheraon,  1953)* 

The  few  but  convincing  faots  reported  in  the  literature 
indicate  that  there  ie  a  genuine  possibility  of  recording  certain 
'physiological  functions  during  the  performance  of  musoular  work* 
However,  these  facts  were  obtained,  as  noted  above,  with  apparat¬ 
us  designed  to  sake  3ueh  recording  only  in  the  ease  of  slight 
body  movements  of  the  subject.  Let  us  now  oonsider  the  researoh 
techniques  and  information  obtained  from  investigations ;  of 
freely  moving  persons. 

Some  investigators  (V.  Y.  Kuz'min,  1956)  designed  instru- 
msnts  based  on  mechanical  force  (e.g. ,  to  record  respiration). 
Their  governing  principle  is  as  follows.  Air  set  in  motion  by 
breathing  is  impelled  *  by  a  mask  or  mouthpieoe  through  a 
rubber  tube  to  a  Hurray  capsule  oonneoted  to  a  writing  pen* 

The  timer  and  paper  taps  are  started  by  a  dock.  The  weight 
and  size  of  theee  instruments  is  small  so  that  they  are  easily 
worn  by  the  subject  as  hs  moves  about  doing  muscular  work*. 

The  authors  analyzed  the  data  obtalnad  with  respect  to  both  I 


There  are  some  data  in  foreign  literature  on  high-altituds 
flights.  Olassoook  and  Holier  (1952)  observed  animals  flying 
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|  the.  Kate  and  nature  of  the  respiration*  They  determined 
'  the  duration  of  the  respiratory  phases  and  some  other  iudioe*. 


V.  i\ .  3'olov'yev  thinks,  that  the  resultant  curves  can  be  used 
to  judge  the  magnitude  of  pulmonary  ventilation*.  One  of  the 
main,  defects  of  these  devices  is  that  they  are  very  inert  due 
to  the  rigidity  of  the  rubber  capsule. 

Jlectronios  is  coming  into  increaeing  up. a  in  medicine.  It 
is  broadening  and  raising  the  technique  level  of  research,  as 


can  be  seen  ir  the  papers  read  at  a  conference  dealing,  with, 
this  subject  (*,  I.  2erg,  I?60)» 

finiature  radio  transmitters  are  providing  invaluable 
help  In  solving  many  of  the  problems  confronting-  at*  Por 
example- *  L ,  Ba.aan  (1955  j  recorded  respiration  during  physical 


work  and  running.  In  1958,  the  same  author  and  1.  Lovdzhiyev  suc¬ 


ceeded  in  recording  the  volume  of  pulmonary  ventilation  by 


radio,  .here  are  also  data  on  radio  recording  of  the  .bie- 


ouv-renrs  of  freely  aoving  persona.  A  number  of  Soviet  in¬ 
vestigators  have  been  working  on  the  problem  of  recording 
the*  cardiac  rate  by  radio  (V,  V,  Aozenblat.  and  L.  3,  Dom- 
brovskiy,  1957.  155b,  1959,  1959a 5  V.  7.  Rozenhlat ,  1559,  i960},., 
lozerblat  and  I'cmbrovekiy  designed  an  inatruiaent  which  they 


called,  ft  "radiopulaophoae".  The  bio our rent a  of  the  heart 


are  used  to  calculate  the  pulse  rate.  The  ‘'eubject's  inetru-  j 
— wstA  "  consists  of  a  pickup,  power  supply,  and  radio  tranainit4e#*i 


The  ''experimenter  ’ »  instrument1'  may  be  any  ultrashortwetve  radio 
x*eceiver  (88-42  megacycles  per*  second)  »•  The  recording  may  be 
pho«io>  graphic,  or  loop.  The  Instrument  Is  mounted  on  *  helmet 

worn  by  the  subject.  The  power  source  weighs  150  g,.  the  entire 
apparatus  550  g,  The  communication  distance  is  500  m,  This 
apparatus  was  used  to  obtain  information  on  the  pulse  rate 
of  skaters,  A  pulse  rate  of  220-230  beats  per  minute  was  re¬ 
corded  during  500-3000  m  sprints.  The  finish  peak  was  noted 
when  the  distance  was  covered,  at  which  time  the  pulse  de¬ 


celerated  vary  rapidly. 

s.  r,  saryohev  (1059 »  1959a,  I960)  used  radioteleaetering 
apparatus  to  record  electromyograms  and  other  electric  pheno¬ 
mena  through  sound  signals  on  magnetic  taps*  The  investigations 
warm  conducted  chiefly  on  oarsman. 

■t,  V.  tlnshina  and  V,  V.  lioaenblat  (1959)  described  *  pickup 
for  recording  respiration  in  freely  moving  persona.  They 
utilised  the  principle  of  change  in  capsule  roeiatonce  with 
powdered  coal  which  results  from  chest  movement*. 

i'he  interesting  research  of  '/»  T'.  fravosudov  ;,i96Q)  pro¬ 
vides  information  on  the  cardiac  rate  in  cyclists,  during 


training,  wnrmi ng-up  periods,  %rd  contest a •  The  author 
presents  data  on  tbs  pulse  rate  per  10  seconds,  it  rest  it 
was  13-13  brats. '.hen  the  athlete  mounted  tha  bicycle  it 
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quickened  to  19-21  beats.  In  the  warm-up  period  (by-  the.  end  of 
the  first  minute)  it  was  25-26  beats.  The  author  found  that 
the  pulse  rate  varied  with  the  speed  of  movement,  achieving 
31  beats  per'  10  seconds.  During  the  first  10  seconds  after 
the  distance  was  covered  the  rate  did  not  change.  It  then 
slowed  to  1  beat  per  10  seconds  but  quickened  to  25-26*  beats  by 
the  end  of  the  first  minute.  The  pulse  rate  took  more  than 
15-20  minutes  to  return  to  normal. 

F.  I.  Guaener  and  d.  A,  Poltarak  (i960)  designed  an  in- 
.strunent  to  record  change a  in  the  temperature  of  the  skin, 
body,  and  clothing.  It  permits  measurements  to  be  made  ac¬ 
curate  to  0*1*  and  is  portable  (weighing  200  g).  Its  range 
is  60 0  m. 

It  is  frequently  neceas&ry  to  record  severs 1  functions 
simultaneously.  This  can  be  done  with  the  apparatus  designed 
by  i«  P.  Shuvstov  (1959).  The  author  describes  a  three-chan¬ 
nel  instrument  (.1959*0  that  aekes  it  possible  to  record  the 
pulse,  respiration,  and  muscle  biocurrents  it  children  at  one 
time.  The  transmitting  part’  weighs  150  g.  3.  3.  Uvarova 
(1959)  used  the  apparatus  to  study  children  2-3$  years:  of  age 
while  they  were  performing  physical  exercises. 

Very  few  human  physiological  functions  have  been  recorded 
during  the  performance  of  muscular  work  and  only  a  few  invest- 
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igatoro  have  doe*  research  t a  the  field.  let  the  available 
experimental  data,  although  &dt  abundant,  reveal  that  the 


application  of  the  methods  described  in  thie  paper  holds  great 
promise  in  research  both  on  adults  and  on  young  children* 
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BETA  RADIOACTIVITY  OF  LUGANSK  OBLAST  WATERS 


[Following  la  a  translation  of  an  article  by  0.  3.  San 
and  P.  F.  Taahohi  in  the  Russian  periodioal  flialrena  i 
S&nltariva  (Hygiene  and  Sanitation),  Vol.  27,  No.  9* 
1962,  pages  98-99*1 


During  1959*1960  we  analysed  the  water  in  open  bodies  of 
water  and  subterranean  sources  located  in  Lugansk  oblast  for 
oontent  of  beta-aetive  substances.  We  obtained  197  samples, 

dnoluding  75  water,  72  bottom  deposits,  26  aquatic  plants,  2k 
fish,  from  the  northern  Don  River  and  its  tributaries,  the 
Aydar,  Derkul,  Dugan1 ,  and  Bol'shaya  Kamenks. 

Beta  radioactivity  was  determined  after  preliminary  treat¬ 
ment  of  the  samples  (evaporation,  drying,  calcination).  We 
used  B-2  radiation  meters  and  Kisf-l?  end-window  oountera. 

The  complexity  and  laboriousnese  of  radioohemioal  investigation 
of  objects  with  very  low  total  radioactivity  initially  limited 
our  efforts  to  determination  of  just  the  beta  activity.  The 
data  on  range  of  fluctuations  of  beta  activity  are  shown  in 
Table  1.  The  characteristics  of  the  beta  radioactivity  of  the 
bottom  deposits  are  shown  in  Table  2. 

There  is  known  to  be  a  dynamic  equilibrium  between  the 
activity  of  water  and  the  activity  of  bottom  deposits.  A 
change  in  this  equilibrium  in  any  direotion  is  due  to  several  . 
. .  factors,  inoluding  the  nature  of  the  bottom  deposits  .  ( 
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Sabi*  1. 


Body  of  water 


Range  of  Beta, 
activity  of 
dry  residue  (in  o/l) 


northern  Bon 

Aydar 

Derkul 

Dugan' 

Bol'ehaya  Kaoenka 

Dori  (mouth  of 
northern  Don) 


i*ktu  — 3>w"u 
9,4*  10-12  — 9,3»10“u 
1*  10"12  — J>,9*10“^ 
l'io'12  —J.,9‘10"11 

l*l<rU  — 3t4»10-11 

Less  than  1*X0“12 


Sable  2 


Body  of  water 

Range  of  beta 
activity  of 
bottom  deposits 
(in  c/Kgof  dry 

Northern  Don 

3t2*10’9  — 3.5*10“3 

Aydar 

l.l'lO"8  — 2,5*W3 

Derkul 

l.O'lO*8  — 2,1»1j0-3 

Dugan' 

8,3*10-9  -1,2*10-3 

Bol'shaya  Kamenka 

1,4*10"®  — 9,8*10"3 

Don  (mouth  of 
Northern  Don) 

9,10*9 

2  5 

'i’he  data  show  that  silty  ‘bottom  deposits  generally  possess  | 
greater  beta  aotivity  than  sandy  deposits  with  equal  aotivity 
of  the  water  near  them.  Jj’or  example*  in  portions  of  the  Aydar 
diver  with  water  aotivity  of  9«4*10'*i2  «  3*1»10****  o/l,  sandy 
bottom  deposits  had  an  aotivity  of  the  order  of  4*0*10"^  as 
compared  with  an  activity  of  1*2  1*7*10  c/kg  of  dry  weight 

for  the  silty  bottom  deposits.  The  water  activity  of  the  north¬ 
ern  bon  was  1.5* 10*11  e/i, while  the  activity  of  the  sandy 
bottom  deposits  washed  by  it  was  6.2*10  o/kg  of  dry  weight i 

n  'V 

water  activity  of  1.0*10”  6  o/l  oompared  with  an  activity  of 
2.5*10  '  c/kg  of  dry  weight  for  the  sandy  bottom  deposits 

washed  by  it. 

Increasing  water  aotivity  was  sometimes  associated  with 
increasing  aotivity  of  plankton  (same  kind).  i?or  example, 
in  some  portions  of  the  Aydar  River  with  water  activity  of 

1. *0«tO-"^Ao/l,  aotivity  of  tho  algae  was  9.9*10*^  —  1.6*10”^ 
c/kg  of  dry  weight,  whereas  in  the  portions  with  water  aotivity 
of  2.6*10“*'L  o/l |  activity  of  tho  algae  was  also  higher  - 

2. y  —  2.7*10“^  e/kg  of  dry  weight. 

As  water  activity  increased,  activity  of  the  silty 
bottom  deposits  rioh  in  organic  matter  likewise  increased, 
j  In  portions  of  the  Uigan'  River  with  water  activity  of 

}  r*  <5. 

1_J2a.1*10”  o/l,  activity  of  the  bottom  deposits  was  6.3*10***  o/l; 
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i»  portions  with  wetter  activity  of  1«X0"'^  c/lt  activity  of 
similar  bottom  deposit  a  va*  1*,2»10”6'  o/l  of  dry  weight  (i,e*» 

ti®«8  more } . 

Aquatic  plants  possessed  beta  activity  of  about  3.?*10~® o/kg 
of  dry  weight*  Sadioaot-ivity  of  ft  oh  in  these  waters  ranged 
fro®  1.3*10  '  to  2.1*10  '  a/kg.  of  dry  weight.  Aquatic  plants 
(mm  kind}  exhibited  a  direct  relationship  between  their  con¬ 
tent  oi‘  beta-active  substances  and  the  nativity  of  the  bottom 
dope site  (only  if  silty).  Beta  activity  of  the  algae  was  * 

anally  determined  by  that  of  the  water. 

She  range  of  fluctuations  in  activity  of  water,  aquatic 
plants,  and  fish  is  ef  interest.  The  greatest  mag*  of  water 
activity  was  observed  in  the  northern  Sen  where  the  maximum 
was  25-55  times  higher  than  the  minimum.  Radioactivity  of 
the  bottom  deposits  fluctuated  lees,  for  example,  the  maximum 
activity  of  the  bottom  deposits  in  the  northern  Bon  exceeded  the 
minimum  activity  10-12  times:.  Activity  of  the  aquatic  plants 
fluctuated  even  leas,  e , g. ,  7-6  times  in  the  northern.  Bon. 

The  smallest  changes  in  activity  were  noted  In  the  fish,  the 
maximum  exceeding  the  minimum  only  1.2-1. 5  times. 

3e»©  193  samples  w era  obtained  from  subterranean  water 
supplies *  and  in.  136  of  them  beta  activity  of  the  dry  residue 
did  not  exoeed  10* 2,1  o/l.  j 
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Although  the  date  are  insufficient  to  draw  conclusions  as 
to  change#  In  the  radioactive  equilibrium  between  the  water  and 
the  bioma.se  at  different  times  of  the  year*  setae  ©f  the  finding* 
tend  to  show  that  there  is  some  increase  in  radioactivity  of  the 
biomass  in  the  summer  and  a  decrease  toward  the  end  of  fall. 

Xt  is  evident  from  the  data  presented  in  this  communication 
that  the  waters  of  the  Northern  Don,  its  tributaries,  and 
subterranean  aouroos  located  in  Lugansk  oblast  possess  com¬ 
paratively  lew  beta  radioactivity. 


T  CHANGES  IS  CORTICAL  aNJ>  3035032 ICAL  8UOZXOX4  III  CHI13RSN 
BtJHJNG  MENIAL  T&HliWZ  AKS  123  ELIMINATION  BY  COLD 
AGENTS  AND  PHYSICAL  2X200X33 

[Following  is  a  translation  of  an  article  by  Yu.  M. 
Pratusevioh  and  L.  11.  Shuetruyskaya  in  ths  Russian 
periodioal  Glgjyena  i  Sanitaria  (Hygiene  and  Sanitation), 
Vol*  27,  No.  9,  1962,  pagss  io}-109 . 3 

Ssveral  years  ago  wa  used  the  elassioal  Beoretory-aotor  . 
method  of  conditioned  reflexes  to  discover  and  describe  pro* 
longed  inhibited  phases  in  the  cerebral  hemispheres  developing 
in  children  during  mental  fatigue  (Fratusevioh,  1956).  The 
eeoretory  conditioned  reflexes  revealed  regular  impairment  of 
correct  intensity  relations  in  conditioned  responses  in  school 
work  ranging  from  8  to  11  hours  a  day.  We  were  able  to  over¬ 
come  the  fatigue  and  restore  optimum. exoitability  by  reduo ing 
the  school  load  by  three  hours  a  day  through  outting  down  on 
homework.  The  length  of  time  the  ohildren  eould  stay  outdoors 
was  lnoreased  proportionately  (Fratusevioh,  1955)* 

During  the  next  few  years  study  of  brain  activity  in 
ohildren  by  the  classical  conditioned  reflex  method  (analysis 
of  brain  work  by  horlaontals  was.  supplemented  by  study  of  the 
dyn&mlos  of  reaotive  brain  potentials  (analysis  by  verticals). 
Using  a  modification  of  Lovell  and  Doeeett's  method  of  reaotive 
.^potentials ,  we  discovered  the  existence  of  ohangee  in  eleotrio 


—  29 


^soBeatsem 


reactivity  of  the  bruin  during  mental  fatigue  and  described 
the  laws  governing  these  changes  (Yu.  M.  Pratueevioh  and  IS.  IS. 
Korsh,  1961). 

The  main  tendency  in  the  work  of  the  fatigued  brain  of 
children,  as  our  research  ehowed,  is  for  the  synchronisation 
factor  and  energy  of  the  reaotive  potentials  to  inorease.  In 
our  studies  on  the  reactive  brain  potentials  of  children 
with  a  block  of  the  adrenergio  and  M»cholinergic  structures 
’  in  the  synapses  of  the  reticular  formation  of  the  breln  itei.  w 
found  that  the  synchronisation  factor  and  energy  of  reaotive  po¬ 
tentials  increase  upon  deterioration  of  synaptic  transmission 
in  the  activating  division  of  the  reticular  formation.  The 
.main  purpose  of  our  research  was  to  overcome  children's  fear 
and  pain  in  ctol&ryngological  operations  under  local  anesthesia 
by  means  of  central  ganglion  blocking  drugs.  At  the  same  time 
it  convincingly  demonstrated  the  existence  of  ohanges  in  electric 
reactivity  of  the  brain  after  exclusion  of  reticular  formation 
structures,  sharp  weakening  of  their  activating  influenoe,  and 
development  of  marked  sleepiness  in  the  children.  Comparing 
the  bioelectrio  reactivity  of  ohildren  during  mental  fatigue 
with  the  reactivity  when  one  of  the  two  pathways  of  transmission 
of  nerve  impulses  (adrenergio  or  oholinergio)  in  the  reticular 

i 

I  formation  is  blocked,  we  found  that  ohanges  in  the  reaotive  , 
'■^potentials  of  the  brain  coincided  (Q.  N.  Speranskiy  and 


Yu,  K.  Pratusevieh,  196la»  1961b), 

Maly Bis  of  cur  findings  led  us  to  conclude  that  there  are 
inhibited  states  (hypnotic  phases)  in  the  cerebral  heal spheres 
and  a  low  level  of  synaptic  transmissions  of  the  ascending  ac¬ 
tivating  system  of  the  retloular  formation  during  mental  fatigue. 
The  following  questions  then  arose t  what  is  the  nature  of  the 
oortical-subooxtical  relations  during  mental  fatigue?  Gan 
mental  fatigue  be  overcome  by  using  natural  (and  therefore  harm- 
..  less)  reflex  faotors? 

In  investigating  oortleal-aubccrtical  relations  in  children 
we  used  a  new  oomprehensive  method  of  studying  higher  nervous 
activity,  N.  X,  Kraenogorukiy ' e  device  for  recording  Decretory- 
.motor  conditioned  reflexee  was  attached  to  a  15-channel  Alvar 
electroencephalograph  and  a  special  spooling  mechanism  wound 
the  paper  tape  at  the  rate  of  p  nm  per  seoond.  This  technique 
was  modified  and  supplemented  with  a  parallel  recording  of 
three  other  nonspecific  autonomic  components  of  the  food  reaction! 
(a)  respiration  recorded  with  a  piezoelectric  pickup;  (b)  digital 
plethysmograa  obtained  with  the  aid  of  a  speoial  Alvar  photo¬ 
electric  plethysmographie  attachment  oalled  a  "plethyemovar” 

(the  amplitude  of  the  plethysmograa  recorded  ie  inversely  pro¬ 
portional  to  the  magnitude  of  vasodilatation) »  (c)  g&lganio 
skin  reaction  (GSR)  recorded*  like  ell  the  other  reaction** 

— byasana  of  the  do  amplifier  of  the  elootroenoephalogreph* 
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If  food  (actor  aad  secretory)  conditioned  reflexes  Mirror 
chiefly  the  cortical  level  of  these  reactions,  then  the  Motor, 
vascular,  and  galvanic  akin  components  of  the  food  reaction 
reflect  its  subcortical  level.  She  above-mentioned  complex 
polygraphia  recording  of  five  components  of  the  food  reaction 
enabled  us  to  make  a  deeper  and  fuller  study  of  cortical-sub¬ 
cortical  relations  in  12-15  year  old  children.  More  than  500 
investigations  mere  conducted  on  IS  healthy  children  living  under 
the  sane  conditions  in  a  boarding  school. 

Our  experiments  showed  that  it  is  difficult  tc  forn  a 
dynamic  stereotype  during  mental  fatigue.  Secretory  condition¬ 
ed  reflexes  are  formed  with  great  difficulty,  their  intensity 
relations  are  impaired,  and  they  do  not  conform  to  Pavlov's 
"law  of  intensity '*«.  She  dynamic  stereotype  is  characterized 
on  the  whole  by  an  extreme  instability  and  low  level  of  con¬ 
ditioned.  reflexes.  The  autonomic  components  of  the  food  con¬ 
ditioned  reflex  are  likewise  indicative  of  inhibited  states  in 
the  brain  at  the  level  of  the  subcortical  formations  and  reti¬ 
cular  formation.  The  autonomic  reactions  are  quickly  and  com¬ 
pletely  extinguished  (SdE)  or  become  very  faint  after  several 
teats  (vascular,  respiratory).  Ws  observed  similar  phenomena 
with  an  ami ail  block  of  the  fi-oholinergio  structures  of  the 
central  synapses  Of  the-  reticular  formation.  Such  a  blook  pom- 
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plainly  extinguished  the  orienting  GSR  to  intermittent  light, 
which  was  restored  tve  hours  after  the  drug  was  administered 
(fit.  SU  Speranskiy  and  Yu.  M.  Pratusevioh,  1961b). 

bet  ua  now  examine  in  detail  the  kymogrsme  reflecting  oortio 
al-suboortioal  relations  during  mental  fatigue  after  5*4  hours 
of  class  work.  Fig.  1  shows  that  conditioned  responses  to  a 
strong  stimulus  (intermittent  sound  of  f  ops)  and  to  a  weak 
stimulus  (red  light)  by  Tanya  Ts.  are  the  same  and  amount  to  4 
drops  (Fig.  la,  b).  We  see  hare  a  balenoing  inhibited  phase 
is  the  cerebral  cortex.  The  autonomic  components:,  as  revealed  . 
by  the  kymogr&n,  are  likewise  absent  *  vascular  and  respiratory 
reactions  unchanged,  333  insignificant.  Tolya  K.  exhibits  a 
paradoxical  reaction  of  oonditioned  salivation  (to  aound  -  5 
drops,  but  to  the  red  light  -  6  drops),  insignificant  9311  (Fig. 
1c,  d). 

*  r 

To  inoree.se  the  tone  of  the  subcortical  formations  and 
cerebral  oortex  that  was  lowered  by  fatigue  resulting  from 
sustained  mental  work  in  class,  we  atimulated  the  receptors 
of  facial  skin  and  of  the  pinnae  with  a  ooid  agent  (10*  water, 
with  whioh  the  children  washed  themselves  for  half  a  minute). 

It  is  common  knowledge  that  cold  water  helps  to  bring  a  person 
out  of  a  faint  or  sober  up  a  drunk.  .  History  tells  of  many 
1  great  men  who  used  cold  water  to  increase  their  functional 
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capacity*  iov  example,  General  A*  V*  buvorov  and  Victor  Hugo  • 
poured  cold  water  on  themselves  before  start  in.-;  to  work,  and 
Pushkin  took  morning  ice  baths .  The  cold  stimulus  caused 
ohanges  in  the  electric  reactivity  of  the  brain  (desynchronize.- 

4 

tier:)  of  the  children  in  the  direction  of  decreased  energy  of  the 
reactive  potentials  (tt*  N»  Speranskiy  and  Yu.  K.  Pratusevich, 
I96I0).  Application  of  the  cold  stimulus  to  the  facial  re¬ 
ceptors  overcame  their  fatigue  and  gave  them  a  feeling  of  cheer¬ 
fulness  and  freshness*  At  the  same  time  it  sharply  increased 
the  tone  of  the  subcortical  formations  and  then  that  of  the 
cerebral,  cortex*  Increased  tone  of  the  subcortical  formations 
was  manifested  in  restoration  of  all  the  autonomic  components 
of  the  food  reflex  (especially  the  vascular  and  galvanic  skin 
reaotions).  There  was  also  strong,  protracted,  and  progressive 
dilatation  of  the  digital  blood  vessels* 

Pig.  2  shows  that  Tanya  To. *s  secretory  conditioned  re¬ 
flexes  characterising  the  dynamio  stereotype  inoreaeed  after 
application  of  the  odd-  agent  and  conformed  to  the  "law  of 
intensity " t  sound  of  7  ops  -  9  drops,  red  light  -  6  drops, 
green  light  -  1  drop.  Higher  nervous  activity  beoame  normal 
at  the  cortical  and  Subcortical  levels*  This  is  revealed  by 
the  fact  that  the  GSR  as  the  autonomic  component  Of  the  food 
reflex,  developed  vigorously,  its  latent  period  was  reduced  to  1 
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1.6  seconds,  the  amplitude  increased  sharply,  and  spontaneous 
Q3Ha  appeared  frequently.  'Che  same  ie  true  of  the  respiratory 
component.  Whereas  previously  it  was  unchanged  (Fig.  la), 
now  before  application  of  the  conditioned  stimulus  the  respirat¬ 
ory  period  lasted  3.2  seconds,  after  application  of  the  stimulus 
5.3  seconds  (Fig.  2a)  and  then  4  and  7  seconds,  respectively 
(Fig,  2b),  as  for  the  vascular  reaction,  previously  the  'am¬ 
plitude  of  the  plethyemogram  was  15  and  12  am  (Fig.  la),  but 


now  before  the  conditioned  stimulus  it  was  6  mm,  after  it  4  ram 


(Fig.  2a)  ano.  then  2.5  and  1  ».«,  respectively  (Fig.  2b).  Che 
same  pattern  was  observed  in  TolyaK.  Instead  of  a  paradoxical 
reaction  characterizing  fatigue,  the  conditioned  reflexes  in¬ 
creased  and  conformed  to  the  "law  of  intensity "t  to  sound  of  7  apa  - 
10  drops,  red  light  -  8  drops,  green  light  -  1  drop.  The  QSft  , 
barely  perceptible  before,  now  strongly  increased  -  from  1.5 
to  8  mm  to  the  rod  light  (Fig.  Id  and  Fig.  2  d)  and  from  2  to 
10  mm  to  the  sound  (Fig.  lc  and  Fig.  2o)»  The  vascular  response 
to' the  conditloiisd  signal  likewise  increased  sharply  t  to  the 
rod  light  the  amplitude  was  8  and  6  mm  (Fig:.  Id),  became  12  and 
4  mm  (Fig,  2d)j  it  was  7  and  2.5  ram  to  the  sound  (Fig.  lc), 
bee&mo  16  and  4  (Fig.  2a),  On  execution  of  the  conditioned 


reflax  the  respiratory  autonoraio  component  also  Ino  reseed 
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All  th.,  phenomena  d*  wi'-.-A  a 'beys  testify  to  increased 
tone  of  the  subcortical  formations  and  motivating  division  ( 
the  reticular  formation  vhioh  execute  the  autonomic  components 
of  the  food  reaction. 

tlelye  demonstrated  experimentally  (1956 »  1957)  that  power¬ 
ful  influences  on  the  organism  that  disrupt  the  stability  of 
the  milieu  IntSrieur  bring  about  a  special  condition  that 
he  oalled  "stress''.  Stress  is  associated  with  a  variety  of 
functional  changes*  sometimes  physiological  in  nature,  at  other 
times  pathological.  .  She  latter  oce\\r  with  Very  powerful  in¬ 
fluences  or  when  the  organism  ia  weak,  ./hat  interests  us  is 
not  the  pathological  ohangss  that  take  place  in  response  to 
strong  stimuli  (stressors),  but  the  physiological  changes  that 
arise  after  the  action  of  ordinary  stimuli  and  result  in  the 
development  of  "nonspecific  increased  resistance"  (N.  V. 

Lazarev,  1956).  The  bodily  changes  resulting  from  the  notion 

‘fc  *  *  * 

of  a  stressor,  which,  produoe  what  Selye  oalled  the  resistant 
a tags,  have  enormous  prophylactic  significance  for  children. 
Nonspecific  resistance  here  increases  both  to  the  stimulus 
itself  and.  to  other  factors  ea  well.  These  manifestations 
have  been  observed  in  hypoxia  (2.  I,  3arbashova,  1955a*  1955b) 

I.  R.  Petrov,  1950)*  after  the  administration  of  such  drugs 
as  dibazol  and  ginseng  (IT.  V,  Lazarev,  1958*.  1960j  N,  ¥.  Lazarev j 


* 
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and  M.  A.  Bcain,  I960,  and  after  mueoxtiar  exercise  (a.  A, 
Kantarovieh,  A.  Ye.  Kaplan,  and  others,  1956 1  H.  V.  2imkin, 
1961).  delye  (1956*  I960)  states  that  secretion  of  the  ad re no « 
oortiootropio  hormone  (ACTH)  by  the  hypophysis  and  adrehooortlo- 
al  • ..  hormones  inoreases  under  the  influence  of  a  stressor. 

We  hare  observed  that  the  aotion  of  suoh  a  stress  agent  as 
oold  is  followed  by  a  change  in  biologioally  active  substances 
of  the  blood  (epinephrine like  substances,  acetylcholine)  and  • 
decrease  in  energy  of  the  reactive  potentials  of  the  brain 
(G.  V.  Speranskiy  and  Yu.  M.  Fratuaevioh,  196lc)« 

Nevertheless,  we  do  not  completely  agree  with  Selye  that 
the  endocrine  system  plays  a  major  role  as  a  protective,  physio¬ 
logical,  and  adaptive  reaction  in  the  adaptation  syndrome. 

The  aotion  of  the  stressor  Is  undoubtedly  perceived  by  the 
primary  rsoeptors.  The  ensuing  nervous  excitation,  as  Chang 
(195?)  showed,  reaches  the  cerebral  cortax  via  the  specific 
afferent  pathways  and  the  retieular  formation  via  the  col¬ 
laterals.  It  Is  through  the  retioular  formation,  as  Kagoun 
(I960)  pointed  out,  that  stress  stimuli  exolte  hypothalamic- 
hypophyseal  activity  and  elaboration  of  ACTH.  Moreover,  a 
stress  stimulus  like  oold  stimulates  ref  laxly  the  activity  of 
the  adrenal  medulla,  whieh  responds  by  releasing  epinephrine 

I* 

into  the  blood.  This  takes  place,  according  to  M,  0.  1 


Bursiah'yan  (i960)  at  the  expense  of  just  a  few  spinal  oenterT'"" 
that  oontrol  the  secretion  of  epinephrine.  Spinephrine  stimu- 
letes  in  turn  the  aotivity  of  the  reticular  formation  directly 
as  well  as  reflexly  (Bell,  Bonvollst,  and  Bugslin,  195^)*  in- 
derson‘a  experiments  (195?)  provided  convincing  proof  that 
pti  isolation  of  the  rstioular  formation  of  the  neeenoephalon 
*  through  the  hypothalamus  intensifies  secretion  hy  the  anterior 

•  lobe  of  the  hypophysis.  Bata  on  the  relationship  between  the 
reticular  formation  and  the  central  meohaniama  of  huaoral- 
autonoaic  adaptation  reactions,  including  the  "stress'*  reaotion, 
oan  also  be  found  lit  the  works  of  Koella  and  Hellhom  (195^ )» 
Thus,  the  huaoral  factor  is  one  of  the  links  in  the  reflex 
mechanism  of  protective  reactions  of  the  organism  while  the 
central  nervous  system  (ope  of  whose  mechanisms  is  the  reticul¬ 
ar  formation  and  the  autonoaio  nuclei  of  the  hypothalamus) 

has  the  integrating  role. 

It  is  obvious  from  the  foreoing  why  we  choae  another 
stress  agent  like  muscular  work  (Selye,  I960)  as  a  means  of 
overcoming  mental  fatigue*  Physical  exeroise  for  30-60  minutes 

*  in  the  form  of  two  periods  of  skiing,  basketball,  or  gymnastics 
served  to  increase  the  tone  of  the  subcortical  formations  and  • 

« 

the  cerebral  cortex.  Fig.  3  shewsthat  Tanya  Ts. »s.  seoretory 
I  conditioned  reflexes  completely  conformed  to  the  “lew  of  in- 
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tensity'*  after  two  periods  of  skiing*  ill  the  autonosio  com-  | 
ponent*  w or*  olsarly  narked,  a  strong  spontaneous  06R  appeared* 
and  there  was  progressive  vasodilatation  (Tig*  3«-o)#  The 
sene  reactions  were  observed  in  Tolya  X*  after  two  sessions  of 
basket belli  10  drop#  of  conditioned  saliva  were  secret *d  in 
response  to  the  sound*  T  drops  to  the  red  light f  the  GSR  was 
distinct,  vasodilatation  progressive.  The.  ehildren  had  a  cense 
of  well-being,  clear  head,  and  felt  cheerful  (Tig.  3d-f). 

Thus,  suitable  ausoular  excroiae  rexovee  the  inhibited 
phases  in  the  cerebral  henispheras,  disproves  the  poor  tone  Of 
the  subcortical  nuclei  during  nental  fatigue*  and  tones  up 
the  reticular  formation  in  ohildren. 
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